The issue of fatigue in hospital medical staff represents a potential health and safety risk to both staff and patients, and is receiving worldwide interest. We aimed to characterize the cognitive performance of anaesthetic registrars before and after a series of night shifts. We enrolled nine full-time anaesthetic trainees in an Australian adult tertiaryreferral hospital. We conducted a cross-over observational study which tested cognitive performance in participants before and after seven consecutive night shifts and compared this with performance before and after seven consecutive day shifts. Cognitive function was measured using a computerized assessment tool. Participants completed a mean of 62.5% of the requested testing (seven participants completed 87%). There was no significant change in performance before or after any day shift, nor at the commencement of each night shift. There was near perfect accuracy in performance in all tests at all times. There was a statistically significant deterioration in speed of performance for detection and identification tasks at the end of night shift as the week progressed. Anaesthetic registrars demonstrate a significant decline in cognitive performance after a series of night shifts.
The issue of fatigue in workers, and medical workers in particular, is receiving worldwide interest. Fatigue is recognized as an issue by the Australian Medical Association 1 in the widely-promoted "Safe Hours Campaign" and by the Australian and New Zealand College of Anaesthetists who have published a "Statement of Fatigue and the Anaesthetist" 2 . The AIMS study revealed fatigue and stress to be implicated in a substantial proportion of adverse anaesthetic events 3 .
Junior medical staff in the United States are gradually being assigned to rosters approved by the Accreditation Council for Graduate Medical Education 4 which limits work to an average of 80 hours per week and continuous periods of duty to less than 24 to 30 hours. This is substantially more than the Australian Medical Association recommendations (which consider more than 70 hours per week or more than 24 continuous hours as "high risk"). All these limitations are based on empirical judgments, with little scientific foundation.
Fatigue has been shown to impact upon both physical and social well being of trainee doctors 5 . Physical symptoms include gastrointestinal dysfunction, increased smoking, weight gain and increased cardiovascular risk 6 . Parshuram and co-workers performed Holter monitoring on night medical staff which demonstrated increased atrial and ventricular ectopic beats 7 . Female residents appear to be at higher risk of threatened premature labour, but probably not at risk of increased spontaneous abortion or low birthweight delivery 8, 9 . A recent study by Zohar examined the emotional reactivity of junior residents and demonstrated an exaggerated response to negative events and a reduced response to positive events 10 .
Studies also show a correlation between the cognitive impairment caused by sustained wakefulness and that caused by an elevated blood alcohol level 11, 12 . This provides a useful frame of reference, given that the increased risk of a motor vehicle accident at various elevated blood alcohol levels is well accepted. Moreover, the decreases in function due to fatigue are more readily appreciated when equated to blood alcohol concentration 13 .
In a recent pilot study, Murray and Dodds used a driving simulator to display the deterioration in vigilance in anaesthetists on call after a single night of disrupted sleep 14 . Clearly this is a relevant simulation as many staff drive home after work. There are many survey reports regarding the incidence of major or near-miss traffic accidents while staff travel home from overnight shifts 15, 16 .
Studies investigating fatigue in medical staff generally involve either the use of cumbersome conventional cognitive testing using pen and paper tests or the use of simple (but less valid) questionnaires and self-rating scales. A recent study using an endoscopic sinus surgery simulator did not show deterioration in resident performance after a single night on call 17 . Studies have also included such techniques as Holter monitoring, urinary cortisol measurements and novel techniques such as the flicker photometer and stabilometer.
Conventional cognitive testing is subject to limitations (e.g. practice effects) and is time-consuming, making it difficult to administer repeatedly before and after work each shift. In order to analyse trends of fatigue over time and to assess the impact of planned interventions, it is necessary to test staff repeatedly, and this requires a test which is quick and easy to perform, with a good level of participant acceptability.
Computer tests of cognitive function are quick and easy to administer, possess properties that make them suitable for repeat administration and reliably detect change. One such computer test, CogState™ (Melbourne, Australia) has been used to assess cognitive function in a variety of settings and validated in comparison with standard neuropsychological testing regimens 18 . We used this program to assess the presence and magnitude of change in cognitive function in anesthetic trainees after night shift work. The study was designed as a crossover observational study to test the null hypothesis that there would be no greater decline in cognitive performance over time during night shifts compared with a corresponding period of day shifts.
METHODS

Subjects
After obtaining institutional ethics committee approval, we invited all anaesthetic trainees (with the exception of two of the authors of this paper) to take part. Subjects were allocated a blinded identification coded number, so as to ensure anonymity and remove any possible repercussions from poor performance. Participants were asked to keep a sleep and work diary, recording their hours worked for each shift and the total number of hours of sleep obtained-both at home and at work.
Neuropsychological assessment
Cognitive function was assessed using the Cog-State™ computerized test battery. This battery has been described in detail previously 10 . Briefly the CogState™ battery consists of five tests using a playing-card interface. • Simple reaction (detection)-simply requesting the participant to hit a key as soon as the playing-card changes. • Simple decision-making (identification)-is the card displayed red or black? • Choice tasks (immediate memory)-is the card displayed identical to the previous card (akin to the children's card game "Snap")? • Monitoring-asking candidates to strike a key when a series of oscillating cards pass over a line at the top or bottom of the screen. • Learning-a more complicated task requiring recollection of five pairs of cards displayed. Candidates are then shown a pair of cards and asked whether the pair matches exactly any of the hidden pairs previously displayed.
Procedure
Each participant was asked to complete the Cog-State™ test before and after seven consecutive day shifts of 10 to 12 hours in duration (rostered to work between 8 am and 6 pm) and seven consecutive night shifts of 12 hours duration (rostered to work between 7.30 pm and 7.30 am). After enrolment, the participants commenced the testing when they were next rostered to work seven consecutive shifts, whether these were day or night shifts. They then completed the remaining seven shifts when they were next rostered to work.
Participants self-administered the test in the Department of Anaesthesia library. The experimental design required each subject to provide one assessment at the beginning and the end of seven consecutive day shifts and seven consecutive night shifts. Ideally this resulted in 28 sets of performance data for each participant. Testing was performed between 7 am and 8 am and again between 7 pm and 8 pm, during which times the library was free of distractions. The library contains no windows, eliminating natural light as a potential influence on cognitive performance.
Data analysis
In order to provide a balanced experimental design, and to account for missing data, the working week was divided into three epochs. These were days 1 and 2 (early epoch), days 3, 4 and 5 (middle epoch) and days 6 and 7 (end epoch). The data for each participant was grouped into these epochs so that each participant provided one data point per epoch. This was achieved by averaging the performance measures in each epoch for each subject. The test results were averaged for each epoch to yield a single performance score, even if not all tests were completed. For a subject's data to be included in subsequent analyses, the subject was required to complete testing at least once for each epoch under the four experimental conditions (before/after day-shift and before/after night-shift). These data were then submitted to a series of epoch (start, middle, end) x shift (day, night) x period (start of shift, finish of shift) repeated measures analysis of variance (ANOVA). Because the period factor had three levels, all main effects or interactions for this were determined using multivariate F.
The primary null hypothesis was that there would be no difference in cognitive performance over time (epoch) between day and night shift. Therefore only main effects or interactions that included the epoch factor were investigated and interpreted.
Significant interactions were decomposed using a series of matched pairs t-tests. For each comparison Type I error was set at 0.05, however measures of effect size (Cohens d) were computed for all significant differences in order to ensure that trivial but significant effects were not interpreted and also to provide an estimate of the magnitude of any performance impairments detected. Finally, as the analysis generally indicated that the magnitude of cognitive impairment was greatest during the last epoch of the night shift, measures of effect size were computed for each test to determine whether the pattern of significant impairment was influenced by the sample size.
RESULTS
The number of assessments completed by each participant is shown in Table 1 .
Six participants returned diaries (86% of those with sufficient data for analysis).
Participants slept at night (while on day-shift) for a mean 6.96 hours (range 5.5-8.5 hours, SD 0.94h). While on night shift, the amount of sleep obtained was much more variable. Participants were able to sleep at work for a mean 3.14 hours (range 0-7.5 hours, SD 2.02h) and at home, for a mean 3.94 hours (range 0-10 hours, SD 2.49h). Interestingly however, the total amount of sleep obtained on night shift (the sum of sleep at work and sleep at home, was 7.08 hours (SD 2.44h). There was no significant difference between the hours of sleep obtained during day shift and the total amount of sleep obtained during night shift (paired Student's t-test P=0.77). Participants also recorded their total hours actually spent at work. On day shift, participants were at work for a mean 11.1 hours (range 5-14 hours, SD 1.98h). On night shift, participants were at work for a mean 13.3 hours (range 9-15, SD 1.0h). Night shifts were significantly longer than day shifts (unpaired Student's t-test P<0.001).
Two subjects were excluded from the analysis because they did not provide data in each epoch. One of these had provided data for only one epoch on the day shift (but all of the night shift data) and the second provided no data for the end epoch for either night shift condition (e.g. start or end). The number of data sets completed ranged from 9 to 26 (mean 17.5), a mean participation rate of 62.5%. This completion rate improved to 87.5% when two participants were excluded from analysis.
In order to satisfy the assumptions for parametric analysis, a performance measure should be distributed normally (i.e., not skewed, no range restriction, no floor or ceiling effects). Therefore, because the individuals assessed in the current study were all high functioning and because the assessments conducted were simple and brief, the group obtained perfect or near perfect accuracy for performance on the detection (median performance across all conditions=99% range 97-100), identification (median performance across all conditions=99% range 97-100), monitoring (median performance across all conditions=100% range 99-100), and memory (median performance across all conditions=93% range 89-100). This near perfect performance has been reported in other studies of healthy adults whose performance in the CogState™ battery has been challenged with sedative drugs or fatigue 19 . Accuracy data for these tests was therefore not submitted to statistical analysis and it was also 623 the coGnitive effects of niGht Duty concluded that these performance measures had not been altered by the experimental conditions. This resulted in six performance measures being submitted to statistical analysis. These were the speed of performance on the detection, identification, monitoring, memory and learning plus the accuracy of the learning task. In order to normalize data distributions prior to analysis, all performance speed data was submitted to a logarithmic base 10 transformation and the learning accuracy measure was submitted to an arcsine transformation.
Four participants completed the night shift prior to the days and three completed the night testing after the week of days. The results for each test in each epoch are shown in Table 2 .
For the simple reaction time there was a significant epoch × shift × period interaction (Wilks Lambda= 0.66; F (2,5)=6.01; P=0.03). The group means for this interaction are shown in Figure 1 . Interaction contrasts indicated no significant differences in performance between performance at the start or finish of shift for any epoch on day shift. However, for the night shift, performance at the finish of the shift became progressively slower across the epochs (F (2,12)=4.5; P=0.02). Performance at the start of the shift did not change across epochs (F (2,12) =0.1; P<0.05). The magnitude of the difference in performance on the simple reaction time between the start and finish of shifts for each epoch is shown in Figure 3 . By the epoch at the end of the week of night shift, the speed of simple reaction time had decreased by more than half a standard deviation compared to the beginning of the shift.
For the choice reaction time there was also a significant epoch × shift × period interaction (Wilks Lambda=0.69; F (2,5)=7.01; P=0.02). The group means for this interaction are shown in Figure 2 . Interaction contrasts indicated no significant differences in performance between performance at the start or finish of shift for any epoch on day shift. However, the night shift performance at the finish of the shift became progressively slower across the epochs (F (2,12)=5.1; P=0.02). Performance at the start of the shift did not change across epochs (F (2,12)=0.9; P<0.05). The magnitude of the difference in performance between the start and finish of shifts in each epoch is shown on Figure 3 . This figure shows that by the epoch at the end of the week of night There were no significant main effects or interactions observed for the four other performance measures (monitoring speed, memory speed, learning speed or learning accuracy). Thus for each of these performance measures there was no change in performance across epoch, shift or period.
DISCUSSION
Neuropsychological testing showed that cognitive function is significantly decreased after three nights and progressively deteriorates over seven nights of continuous work. This deterioration does not occur during day shifts and is not detectable at the commencement of each night shift. These results indicate that more than two consecutive nights of work is associated with diminished performance at the end of the night shift. The extent of the deterioration in the final epoch (nights 6-7) is comparable to a blood alcohol level of 0.05% 20 . Similar findings have recently been found in the performance of paediatric residents in the United States 13 .
The magnitude of change for the end epoch during the night shift in our study was 0.7 standard deviations for detection time and approximately 0.9 standard deviations for identification time ( Figure  3) . Comparable decreases in reaction times have been observed for a blood alcohol level of 0.05% and 24 hours of sustained wakefulness and after the administration of the sedative alprazolam 21 .
We believe this is the first study which has assessed the cumulative effects on cognitive function of repeated night shift work, not only in health workers but also in the workforce in general. The results have implications for the safety of both workers and medical practice.
The provision of services "around the clock" is a reality of modern medical practice, particularly in anaesthesia and intensive care. This inevitably requires doctors to work at times when they would normally be asleep, representing a potential risk both to the well-being of the doctor and to the patients receiving their care. The design of after-hours rosters needs to take into account the development of fatigue and deterioration in performance that occurs with any night work, balanced against the potential for acclimatisation when a series of nights are worked. There is also potential for improved continuity of care when a longer series of nights are rostered.
It is acknowledged that this study required a substantial time commitment by the participants. The addition of 20 minutes to each end of 14 shifts was a significant undertaking. Much of the missing data was due to participants forgetting, arriving for work late or needing to leave on time. It is conceivable that these participants may have been more fatigued than those that completed all the tests, thus introducing a "survivor" bias into the results. Such sample biasing would tend to produce results biased to show less cognitive decline than samples without missing data.
In designing future studies it would be useful to administer a shortened battery of tests with equal validity in order to reduce drop-out and minimize sample bias. Simple detection and identification tasks were adequate to show deterioration, and thus the extra tests could be deleted without compromising the result. Detection and identification reaction time tests take less than six minutes to complete and this would improve participant satisfaction and reduce the drop-out rate.
There was no evidence that registrars were developing progressive impairment when they arrived for each night shift. Nevertheless, reaction times decreased progressively at the end of the night shift, implying a gradual deterioration in performance through the week. The reasons for this diminished performance remain speculative. There was no decrease in hours slept between the day and night shifts, and although sleep deprivation is associated with cognitive deterioration, it cannot be implicated in this study 22 . In fact, participants were allowed to undertake any chosen strategy to optimally perform during the week of night shifts. They were allowed to sleep as much as they liked, both at home and (where possible) at work, and also allowed to consume stimulants (or sedatives) as desired. It was acknowledged that such factors as caffeine intake and amount of sleep obtained during and between shifts could not reasonably be controlled. Despite this freedom, there was still evidence of diminished performance by the end of the week. The logical conclusion is that despite the total hours of sleep being comparable between the two shifts, the quality of sleep during the night shift was inadequate to allow the maintenance of optimal cognitive function at the end of cumulative night shifts.
We found no evidence of "acclimatisation" or a slowing of deterioration as the week of nights progressed. However, this may relate to the pattern of broken sleep attained by most of the participants. It is acknowledged that if the participants were forced to stay awake for the entire night (such as would be expected in Emergency or Intensive Care Units), and get all their sleep during the day, that the deterioration may have plateaued.
The relevance of these findings to clinical performance and safety requires further investigation. The majority of research in this field involves some form of laboratory or clinical simulation. It is possible that arousal (e.g. being involved in medical duties, especially crises) may overcome fatigue-induced cognitive impairment. Thus one's actual performance when fatigued but stimulated may be better than one's performance when fatigued and performance is simulated. Additional studies are required to ex-plore the interaction of arousal and fatigue induced cognitive impairment.
Physicians and hospital administrators need to be cognisant of the extent to which fatigue can impair performance. Rostering of after-hours services should take into account the deterioration in performance which occurs when a series of consecutive night shifts are worked. The deterioration in performance of medical staff towards the end of each night shift should also be taken into account when accepting bookings for semi-urgent after-hours surgery.
Further research is needed to assess the impact of possible interventions to reduce fatigue. A larger study would be required to assess the effect on fatigue and satisfaction of different models of roster designsuch as comparing one where registrars work a single night each week compared with one where registrars work a series of several consecutive nights.
